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reference (2) 



Tltlr-of the InTsntiojL 

Magnetic Resonance Imaging Apparatus 

Claims 

(1) A magnetic resonance imaging apparatus which comprises: 

a magnetic resonance imaging apparatus main part which functions 
to place an object within a uniform static magnetic field while 
superimposing an inclined magnetic field, to apply an exciting rotational 
magnetic field to the object thereby to cause the magnetic resonance 
phenomenon at a predetermined sectional plane of said object, and to 
detect the induced magnetic resonance (MR) signal; and 

a control-signal processing part which supplies a control signal to 
said main part, obtaining projection information on said predetermined 
sectional plane of said object on the basis of said MR signal, and applying 
the re-composition process on the obtained projection information so as to 
ob'ain image information reflecting at least cither one of the spin density 
distribution and the relaxation time constant of specific atomic nuclei at a 
sectional plane of said object, and which apparatus is characterized lu that: 

the signal transfer between said main patt and said control- signal 
processing part is performed by means of an optical transmission system. 

(2) A magnetic resonance imaging apparatus according to clah.r 1, in 
which said optical transmission system including: 

means for starting and stopping the conversion of signals to be 
transmitted from parallel to serial or from serial to parallel in accordance 
wUh operating mode of said main part. 

Detailed Description of the Invention 
Field of the Invention 

The present invention relates to a magnetic resonance ice aging 
(MRI) apparatus which obtains cross-sectional image information of an 
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object by magnetic resonance phenomenon (MR phenomenon)/ and 
especially to an MRI apparatus which ha6 high accuracy in measuring 
because of an improvement of a signal transmission system between a *uain 
part and a control-signal processing part. 

Description of the Background Technology and pro blems Thcr^iti 

An MRI apparatus is comprised of a main part which consists of a 
coil part, a frame mounting a transmission part and a base to carry thereon 
an object, and a control-signal processing part which supplies various 
control signals to the main part and generates image information of cross- 
sectional plane of the object on the basis of detected MR signals. 

The coll part consists of a static magnetic field generating ceil and 
an inclined magnetic field generating coil, etc. This coil part is mounted on 
the frame with a probe head in such a manner as to surrounding the object. 
The probe head constitutes a part of the transmission part. 

In a uniform and static magnetic field generated by the static 
magnetic field generating coil, the object is loaded by driving the base. The 
inclined magnetic field generated by the inclined magnetic field generating 
coi< is superimposed on the uniform and static magnetic field and an 
exciting rotational magnetic field by the probe head is applied thereto. The 
magnetic resonance phenomenon is given rise to by these magnetic fields at 
a predetermined sectional plane of the object. The induced magnetic 
resonance (MR) signals are detected by the probe head. 

The control-signal processing part receives s the detected MR 
signals, produces information about the projection on the predetermined 
sectional plane of the object on the basis of the detected MR signals and 
applies the re-composition process thereto. As a consequence, the 
control-signal processing part produces image information reflecting at 
least cither one of the spin density distribution and the relaxation time 
constant of specific atomic nuclei at a sectional plane of the object. The 
control-signal processing part transmits and receives various control 

2 
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signals, 6uch as a control signal for energizing the coils and a drive 6ignai 
for the base, as well as signals transmitted or received by the probe head 
and a signal issued from a monitor camera. 

4 
/ 

Problem of Background Technology 

j 

In the above-mentioned MRI apparatus, the MR signals detected 
from the probe head are too low in intensity and delicate. Accuracy the 
detecting the MR signals decides accuracy of the final Information. 

In order to protect the detected MR signals from noises, a room 
installed with the main part was shielded against electromagnetic waves and 
otherwise the signal transmission system transmitting the various control 
signals and the signals from the monitor camera and the probe head was 
constituted by a coaxial cable, there by to reduce the noises caused by the 
electromagnetic tadu^tio^o^cjirring within the transmission^ Howeyc7 t ~it 
was impossible to reduce the noises caused by electromagnetic induction to 
a negligible extent and therefore an improvement has been desired. 

Object Of the inveTiffn n 

It is an object of the invention to provide an MRI system which has 
a high measuring accuracy because of an improvement in a transmission 
system between a main part and a control-signal processing part. 

Summary of the invention 

A MRI apparatus according to the present invention comprises a 

* 

magnetic resonance imaging apparatus main part which functions to .placc 
an object within a uniform static magnetic field while superimposing an 
inclined magnetic field, to apply an exciting rotational magnetic field to the 
object thereby to cause the magnetic resonance phenomenon at a 
predetermined sectional plane of the object, and to detect the induced 
magnetic resonanco (MR) signal, and a control-signal processing part 
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which supplies a control signal to the main part, obtaining projection 

information on the predetermined sectional plane of the object-on the basis 

of the MR signal, and applying the re-composition process on the obtained 

projection information so as to obtain image Information reflecting at least 

either one of the spin density distribution and the relaxation time constant 

of specific atomic nuclei at a sectional plane of the object, which 

apparatus is characterized in that the signal transfer between the 

main part and the control-signal processing part is performed by means of 

t 

an optical transmission system, 

Embodiment of Invention 

In the followings, an MRI apparatus according to the present 
.invention will be explained in accordance with an embodiment shown in Fig. 
1. - 

In Fig. 1, a reference numeral 1 designates a main part consisting of 
a coil part, a frame mounting thereon a transmitting part and a base to carry 
an object. ^ 

A reference numeral 2 designates a control-signal processing part 
(computer system) which supplies various control signals to the main part 1 
and generates image information on the predetermined sectional plane of 
the object on the basis of the detected MR signal. 

A refciencc numeral 3 designates an optical transmission system 
consisting of an interface 3A of the main part, an interface(I/F) 3B of the 
control-signal processing part and optical fiber cables 3C which transmit 
the optical signals generated from these two interfaces 3A and 3B, * 3 * 

The coil part of the main part I consists of a coil generating a 
uniform static magnetic field and a coil generating an inclined magnetic 
field, and these two coils are mounted on the frame together with a probe 
head in such a manner which surround the object. The object is placed 
within the uniform static magnetic field generated by the uniform static 

A 
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magnetic field coil, by driving the base, while the magnetic field generated 
from the inclined magnetic field coil is superimposed on the uniform s.utic 
magnetic field, and an exciting rotational magnetic field is applied thereto, 
thereby to cause the magnetic resonance phenomenon to appear by these 
magnetic fields at a predetermined sectional plane of the object, whereby 
the induced magnetic resonance (MR) signals is detected by the probe 
head. 

The control-signal processing part 2 (computer system) receives the 
detected MR signals from the main part 1 through the optical transmission 
system 3 and obtains projection information on a predetermined sectional 
plane of the object, while applying thereto the re-composition process. In 
the above manner, the control-signal processing part 2 generates image 
information reflecting at least either one of the spin density distribution 
and the relaxation time constant of specific atomic nuclei at a sectional 
plane of the object. The control-signal processing part 2 (computer system) 
transmits and receives through the optical transmission system 3 the 
various signals such a coil energization control signal and the base control 
signal and so on, and transmits and receives the signals of the probe head 
and receives a signal from a monitor camera, etc. 

The interface (I/F) 3B of the control-signal processing part in the 
optical transmission system 3 converts (E/O conversion) the ?&rious 
control signals, the transmit/receive signals of the probe head and the 
signals of the monitor camera to optical signals. This interface (I/F) 3B 
converts parallel data to serial data in order to enhance the transmission 
efficient. 

The serial data generated in the interface (I/F) 3B of the controls 
signal processing part is optically transmitted to the main part internee 3A 
through the optical fiber 3CI. In the interface (I/F) 3B of the control-signal 
processing part, the control clock signals using parallel/serial conversion is 
converted (E/O conversion) to the optical signals, and in order to enhance 

5 
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the transmission efficient parallel data is converted to serial data and is* 
optically transmitted to the main part interface 3A through the optica lfabcr 
cable 3C2. / 

The main part interface 3A consists of an O/E conversion circuit 
(O/E-C) 3A1, a parallel/serial conversion circuit (S/P-C) 3A2, a con roller 
3A3 and an osciliator circuit (O.S.C) 3A4, The O/E conversion circuit 
(O/E-C) 3A1 converts optical serial data through the optical fiber cable 3C1 
to electrical serial data. The parallel/serial conversion circuit (S/P-C) 3A2 
concerts the electrical serial data from the conversion circuit (O/E-C) 3A1 
to parallel data. The controller 3A3 supplies conversion control signals to 
the.- parallel/serial conversion circuit (S/P-C) 3A2. The oscillator circuit 
(O.S.C) 3A4 supplies control clock signal to the parallel/serial conversion 
circuit (S/P-C) 3A2 and the controller 3A3, 

An example of the oscillator circuit (O.S.C) 3A4 is shown in Fig. 2. 
The oscillator circuit in Fig. 2 consists of NAND gate G1,G2, a resistance R f 
a quartz-crystal osciliator CR f and condensers Cl f C2. These elements arc 
connected in such manners as shown. An input signal IN can control an 
output signal OUT from the quartz-crystal oscillator CR. It is possible to 
start or stop to output the signals from the oscillator circuit at a specific 
time by the control signal from the interface (I/F) 3B of the contro ^signal 
processing part. c 

The oscillator circuit (O.S«C) 3A4 has the function of converting the 
optical control clock signal to the electric signal and of converting theserial 
data to the parallel data. In Fig. 2, the above electric control clock signals 
are supplied as the input signal IN. 

1 A micro sequence using ROM (read only memory) and so on in the 
controller 3A$ starts at the same time the controller 3A3 receives the output 
of the oscillator circuit (O.S.C) 3A4 f and the data format is managed. 

Fig. 3 shows an example of serial data transmission of 3 bits data by 
means of the controller 3A3. The clock signal in Fig. 3(b) is osciV'jtcd by 
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the clock control signal in Fig, 3(a), The micro sequence starts when it 
receives the clock signal, thereby to control the respective circuits. In the 
Fig.-3, data is received and convened, because the clock signal has ah cad y 
staxted oscillation. <j 

At this time, the controller 3A4 detects a conversion timing bv the 
detection of low level start bit S in Fig- 3(c) and (d). The controllc. 3A4 
transmits 3 bits data D1.D2.D3 following the low level start bit S ij Fig. 
3(d), Through these steps, it becomes possible to stably transmit the data 
even when the clock is started or stopped at any given time 

The function of the embodiment as constructed in such manner 
mentioned above will be explained in the folio wings. 

Since the optical transmission system 3 transmits and receivxs the 
signals between the main part 1 and the control-signal processing part 2, 
thereby to avoid noises within the transmission- It is possible to -stably 
transmit even when the clock signal is started or stopped in seriaveeriai 
conversion or parallel/serial conversion at any given time. In measuring the 
MR signals, it is therefore possible to start or stop the data transmission in 
accordance with the operating statuG such as the operation -of driving the 
base of main part 1 . The efficiencies of data transmission is enhanced and 
the noise caused by the control clock is lowered to a negligible extent. 

Therefore, the low and delicate MR signals detected by the probe 
head is not affected by noises, and is transmitted to the control-signal 
processing part 2, and the final Information with high accuracy 'can be 
obtained by the MR signal with high accuracy. By realization of the noise 
reduction, the electromagnetic shields for transmission by mean; of the 
coaxial cable can be omitted, thereby to reduce the cost of the apparatus. 

Because of the connection between the main part 1 and the 
controi-6ignal processing part (computer system) 2 using the optical 
transmission- system 3, it is possible to perform a complete electrical 
insulation between the main part 1 and the control-signal processing part 2 
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(computer system). The main part 1 and the control-signal processing part 2 
(computer system) can be grounded completely, and the stable operation of 
the apparatus is expected. 

It is possible to transmit over the long distance, the limit of distance 
between the main part 1 and the contro'-signal processing part 2 (computer 
sys'em) can be relaxed, and the installation condition of apparatus cVn be 

expanded. % 

\ 

When the intensity of the magnetic field is 5000 gausi, the 
frequency of detected MR signal is about 26.6MHz, and LED can be u£cd as 
a light emitting element and Si PIN PD can be used as a pbotoreccivcr, and 
therefore it is economical. 

The invention is not limited within the embodiment described above, 
it is possible to modify and carry out within an range of the outline of the 
invention. 

Effectiveness of the invention 

In accordance with the present invention, a magnetic resonance 
imaging apparatus is provided which comprises a magnetic resonance 
imaging apparatus main part which functions to place an object within a 
uniform static magnetic field while superimposing an inclined magnetic 
field, to apply an exciting rotational magnetic field to the object thereby to 
cause the magnetic resonance phenomenon at a predetermined sectional 
ptttnc of the object, and to detect the induced magnetic resonance. (MR) 
signal and a control-signal processing part which supplies a control signal 
to the main part, obtaining projection information on the predetermined 
sectional fclane of the object on the basis of the MR signal, and applying the 
rc-composition process on the obtained projection information * as to 
obtain image information reflecting at least cither one of the spin density 
distribution and the relaxation time constant of specific atomic nuclei at a 
sectional plane of the object, and which apparatus is characterized in that 

\ 
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the signal transfer between the main part and the control-sign*! processing 
part i6 performed by means of an optical transmission system. Thus an MRI 
apparatus is provided which is improved in its measurement accuracy. 

Brief Explanation of the t»r»wfng< 

Fig. 1 is a block diagram showing an embodiment of MRI system 
according to this invention. 

Fig. 2 is a detailed circuit diagram showing an oscillatory circuit in 
the embodiment of Fig. 2. 

Fig. 3 is a timing chart showing an example of the data transmission 
in the same embodiment. 

1 main system 

2 control-signal processing apparatus (computer system) 

j 3 optical transmission system 

i 3 A interface 

3B control-signal processing interface : 

3C1 9 3C2 optical fiber cable 

3A1 0/E converter circuit 

3A2 parallel/serial converter circuit 

3A3 controller 

3A4 oscillator circuit 
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